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HYDRAULICALLY-DRIVEN
EXTENDED-RUNTIME FLYWHEEL
UNINTERRUPTIBLE POWER SUPPLY

RELATED APPLICATIONS

The present application 1s a continuation-in-part of U.S.
patent application Ser. No. 14/328,903 to Bassem Soueidan,
titled “Hydraulically-Driven Flywheel Uninterruptable
Power Supply,” filed Jul. 11, 2014, the contents of which 1s
incorporated 1n its entirety herein.

BACKGROUND

Uninterruptible power supplies, also known as uninter-
ruptible power sources (UPS) are electrical apparatuses
known 1n the art that provide emergency power to a load
when the mput power source, typically mains power, fails.
A UPS differs from an auxiliary or emergency power system
or standby generator in that it will provide near-instanta-
neous protection from input power interruptions, by supply-
ing energy stored 1n batteries, supercapacitors, or flywheels.
The on-battery runtime of most uninterruptible power
sources 1s relatively short (only a few minutes) but suflicient
to start a standby power source or properly shut down the
protected equipment. A UPS 1s typically used to protect
hardware such as industrial equipment, computers, data
centers, telecommunication equipment or other electrical
equipment where an unexpected power disruption could
cause 1njuries, fatalities, serious business disruption or data
loss. UPS units range 1n size from units designed to protect
a single computer without a video monitor (around 200
volt-ampere rating) to large units powering entire data
centers or buildings.

Rotary Flywheel UPS systems used 1in mission critical
tacilities provide very limited time to transition to back up
generators after a power loss usually 15 to 45 seconds
depending on the load. Theoretically, this “ride through”
should be adequate to allow the backup generators to start.
In the event that the backup generators fail to start, there 1s
no time for an orderly shutdown of the systems. Costs
associated with power failures are significant, and may
collectively (billions of dollars annually). As an example,
banks where millions of transactions are taking place every
minute are exposed to significant losses during a power
fallure. Most mission critical facilities will install battery
backup 1n order to provide adequate time for orderly shut-
downs and to ensure that there 1s adequate time to get the
backup generators started. Battery backup used to provide
power to critical systems for an extended period of time 1s
often expensive, requires dedicated space with special ven-
tilation and fire protection systems, requires maintenance
and 1s environmentally uniriendly among other things. Addi-
tionally, circumstances may occur where the rnide through
time 1n a rotary wheel UPS 1s not suflicient to allow backup
batteries or generators to fully engage. In other instances,
power outages may be brief enough where 1t becomes
ineflicient to engage 1 a backup battery/generator system,
only to disengage a short time later. Accordingly, extending
the run time (or ride through) of a rotary wheel UPS may
provide advantageous benefits.

SUMMARY

In an illustrative embodiment, an apparatus 1s disclosed
for providing extend runtime for a flywheel rotary UPS,
comprising a vessel, configured to receive and contain fluid;
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a piston having a predetermined weight, configured within
the vessel to have the weight of the piston independently and
vertically displaced by the flmd and provide pressure from
the displacement; a fluid discharge line, operatively coupled
to an output of the vessel; a valve, operatively coupled to the
fluid discharge line; a fluid supply line operatively coupled
to the valve; a flywheel rotary UPS comprising: a motor
configured to rotate a flywheel for producing energy when
power 1s applied to a main power input of the tflywheel rotary
UPS, and a hydraulic drive adapter operatively coupled to
the flywheel and to the fluid supply line; wherein the
flywheel 1s configured to engage with the hydraulic drive
adapter and the valve 1s configured to automatically open,
when no power 1s received at the main power input, to
provide fluid pressurized by the piston to the hydraulic drive
adapter and cause the flywheel rotary UPS to continue
rotating for an extended period of time after no power 1s
received.

In another 1llustrative embodiment, a method 1s disclosed
for providing extend runtime for a flywheel rotary UPS,
comprising receiving and containing fluid in a vessel com-
prising a piston having a predetermined weight, positioned
within the vessel, wherein the weight of the piston provides
a pressure for the fluid in the vessel via an independent
vertical displacement of the weight of the piston by the fluid,
and wherein the vessel 1s operatively coupled to a tluid
supply line; operatively rotating a flywheel of the flywheel
rotary UPS via a motor when power 1s applied to a main
power nput of the flywheel rotary UPS; and engaging the
flywheel to a hydraulic drive adapter and automatically
opening a valve when no power 1s received at the main
power mput to provide fluid pressurized by the piston to the
hydraulic drive adapter and cause the flywheel rotary UPS to
continue rotating for an extended period of time after no
power 1s received.

In another illustrative embodiment, an apparatus 1s dis-
closed for providing extend runtime for a flywheel rotary
UPS, comprising a vessel, configured to receive and contain
fluid; a piston having a predetermined weight, configured
within the vessel to have the weight of the piston indepen-
dently and vertically displaced by the fluid and provide
pressure from the displacement; a fluid discharge line,
operatively coupled to an output of the vessel; a valve,
operatively coupled to the fluid discharge line; a fluid supply
line operatively coupled to the valve; a flywheel rotary UPS
comprising a motor configured to rotate a flywheel for
producing energy when power 1s applied to a main power
input of the flywheel rotary UPS, a sensor for sensing one or
more thresholds of at least one of rotational characteristics
of the flywheel and/or energy produced by the flywheel, and
a hydraulic drive adapter operatively coupled to the flywheel
and to the fluid supply line; wherein the flywheel 1s config-
ured to engage with the hydraulic drive adapter and the valve
1s configured to automatically open, when no power 1is
received at the main power input, and upon receiving a
control signal from the sensor, to provide fluid pressurized
by the piston to the hydraulic drive adapter and cause the
flywheel rotary UPS to continue rotating for an extended
period of time after no power 1s received.

Further scope of applicability of the present disclosure
will become apparent from the detailed description given
hereinafter. However, 1t should be understood that the
detailed description and specific examples, while indicating
preferred embodiments, are given by way of 1llustration
only, since various changes and modifications within the
spirit and scope of the mvention will become apparent to
those skilled in the art from this detailed description.




US 9,667,098 B2

3
BRIEF DESCRIPTION OF THE FIGURES

The present mvention 1s illustrated by way of example
and not limitation in the figures of the accompanying
drawings, in which like references indicate similar elements
and 1n which:

FIG. 1 illustrates a hydraulic UPS system under one
exemplary embodiment comprising a hydraulic fluid vessel/
accumulator containing a sealed piston or weight for pro-
viding hydraulic fluid pressure that 1s released to a UPS
flywheel when a solenoid valve 1s opened via a power failure
signal;

FIG. 2 illustrates a hydraulic UPS system under another
exemplary embodiment comprising a hydraulic fluid vessel/
accumulator containing a sealed piston or weight for pro-
viding hydraulic fluid pressure that 1s released to a plurality
of UPS flywheels when one or more solenoid valves are
opened via a power failure signal;

FIG. 3 illustrates a hydraulic UPS system under vet
another exemplary embodiment comprising a plurality of
hydraulic fluid vessel/accumulators each containing a sealed
piston or weight for providing hydraulic fluid pressure that
1s released to a UPS flywheel when a solenoid valve 1s
opened via a power failure signal;

FIG. 4 1illustrates a hydraulic UPS system under one
exemplary embodiment comprising a hydraulic fluid vessel/
accumulator containing a bladder in addition to a sealed
piston or weight for providing hydraulic fluid pressure that
1s released to a UPS flywheel when a solenoid valve 1is

opened via a power failure signal; and
FIG. 5 shows a block diagram of a flywheel rotary UPS

of FIG. 1 under an illustrative embodiment.

DETAILED DESCRIPTION

The figures and descriptions provided herein may have
been simplified to illustrate aspects that are relevant for a
clear understanding of the herein described devices, sys-
tems, and methods, while eliminating, for the purpose of
clarnity, other aspects that may be found in typical devices,
systems, and methods. Those of ordinary skill may recog-
nize that other elements and/or operations may be desirable
and/or necessary to implement the devices, systems, and
methods described herein. Because such elements and
operations are well known 1n the art, and because they do not
facilitate a better understanding of the present disclosure, a
discussion ol such elements and operations may not be
provided herein. However, the present disclosure 1s deemed
to inherently include all such elements, vanations, and
modifications to the described aspects that would be known
to those of ordinary skill 1n the art.

Exemplary embodiments are provided throughout so that
this disclosure 1s sufliciently thorough and fully conveys the
scope of the disclosed embodiments to those who are skilled
in the art. Numerous specific details are set forth, such as
examples of specific components, devices, and methods, to
provide this thorough understanding of embodiments of the
present disclosure. Nevertheless, 1t will be apparent to those
skilled 1n the art that specific disclosed details need not be
employed, and that exemplary embodiments may be embod-
ied 1n different forms. As such, the exemplary embodiments
should not be construed to limit the scope of the disclosure.
In some exemplary embodiments, well-known processes,
well-known device structures, and well-known technologies
may not be described in detail.

The terminology used herein 1s for the purpose of describ-
ing particular exemplary embodiments only and i1s not
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intended to be limiting. As used herein, the singular forms
“a”, “an” and “the” may be intended to include the plural
forms as well, unless the context clearly indicates otherwise.
The terms “‘comprises,” “‘comprising,” “including,” and
“having,” are inclusive and therefore specily the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
clements, components, and/or groups thereol. The steps,
processes, and operations described herein are not to be
construed as necessarily requiring their respective perfor-
mance in the particular order discussed or illustrated, unless
specifically 1identified as a preferred order of performance. It
1s also to be understood that additional or alternative steps
may be employed.

When an element or layer 1s referred to as being “on”,
“engaged to”, “connected to” or “coupled to” another ele-
ment or layer, 1t may be directly on, engaged, connected or
coupled to the other element or layer, or itervening ele-
ments or layers may be present. In contrast, when an element
1s referred to as being “directly on,” “directly engaged to”,
“directly connected to” or “directly coupled to” another
clement or layer, there may be no intervening elements or
layers present. Other words used to describe the relationship
between elements should be interpreted in a like fashion
(e.g., “between” versus “directly between,” “adjacent” ver-
sus “directly adjacent,” etc.). As used herein, the term
“and/or” includes any and all combinations of one or more
ol the associated listed items.

Although the terms first, second, third, etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element,
component, region, layer or section from another element,
component, region, layer or section. Terms such as “first,”
“second,” and other numerical terms when used herein do
not imply a sequence or order unless clearly indicated by the
context. Thus, a first element, component, region, layer or
section discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings of the exemplary embodiments.

In the drawings, some structural or method features may
be shown 1n specific arrangements and/or orderings. How-
ever, 1t should be appreciated that such specific arrange-
ments and/or orderings may not be required. Rather, in some
embodiments, such features may be arranged in a different
manner and/or order than shown 1n the illustrative figures.
Additionally, the 1inclusion of a structural or method feature
in a particular figure 1s not meant to imply that such feature
1s required 1n all embodiments and, in some embodiments,
may not be included or may be combined with other
features.

Turning to FIG. 1, an exemplary embodiment 1s provided
of a UPS power system 100 comprising a piston 101 that 1s
contained and preferably sealed within vessel/accumulator
102 (hereafter “vessel”). In one embodiment, piston 101 1s
manufactured from a dense and/or heavy material such as a
metal or alloy (e.g., steel, tungsten, brass, etc.) or plastic,
rubber, or any suitable combinations thereof. Piston 101 may
be coated or encased 1n a protective material to prevent
corrosion and the like and to provide a suitable seal against
the walls of the vessel 102. The protective matenal of the
piston 101 may also include a material, such as a polyamide
material with an embedded lubricant additive, to assist the
piston 1n travelling along the length of the vessel 102. Vessel

102 may be filled with a fluid such as hydraulic fluid which




US 9,667,098 B2

S

may be o1l or water-based fluid which may be provided from
fluid reservoir 109, via hydraulic pump 110. Hydraulic pump
may be a hydrostatic or hydrodynamic pump, depending on
the application. When configured, hydraulic pump 110 pro-
vides positive displacement for piston 101 i which the
displacement (flow through the pump per rotation of the
pump) 1s fixed, or may be configured as a variable displace-
ment pump, which allows the displacement to be adjusted.
Flow from hydraulic pump 110 may be controlled via check
valve 111.

During normal operation, flywheel rotary UPS system
106 recerves power from main power 132, which allows the
flywheel of flywheel assembly 108 to continuously rotate.
The 1nertia of the (lugh-mass) spinning flywheel of flywheel
assembly 108 may serve as a source of flywheel energy
storage to provide short-term ride-through in the event of
power loss for main power 132. The flywheel may also serve
as a bufler against power spikes and sags, since such
short-term power events are not able to appreciably affect
the rotational speed of the high-mass flywheel. Convention-
ally, flywheel-based UPS systems typically provide 10 to 20
seconds of protection before the flywheel has slowed and
power output stops. In some cases, flywheel rotary UPS 106
may be combined with standby diesel generators, providing,
backup power only for the brief period of time the engine
needs to start running and stabilize its output. By using a
transmission gearbox (not shown), the rotational 1nertia of
the flywheel of the flywheel assembly 108 can be used to
directly power a load 130 via the output (OUT). Multiple
flywheels (e.g., see FIG. 2) can likewise be connected 1n
parallel through mechanical countershaifts, without the need
for separate motors and generators for each flywheel.

In certain illustrative embodiments, there may be a need
to extend the runtime of flywheel rotary UPS 106 past its
typical rotation capability. In such circumstances, the fly-
wheel rotary UPS 106 may be equipped with a hydraulic
drive adapter 107 that provides energy to the flywheel
assembly 108 via fluid passing through the adapter.

As vessel 102 1s filled with hydraulic fluid, the weight of
piston 101 provides a counter-pressure within vessel 102.
When vessel 102 1s completely filled, the piston 101/vessel
102 may be considered at a maximum pressure. A hydraulic
fluid supply line 103 1s preferably coupled to a solenoid
valve 104 that may be configured to be naturally 1n a
“closed” state when power (e.g., 132) 1s present. In one
illustrative embodiment, solenoid valve 104 may couple
directly or indirectly to main power 132, where, 1f the main
power 132 1s turned ofl, solenoid valve 104 opens. In an
illustrative embodiment, flywheel rotary system UPS 106
may transmit a UPS power signal 126 upon loss of power to
open solenoid valve 104. In some 1llustrative embodiments,
the UPS power signal 126 may be the main power line 132,
or may be a separate signal transmitted from the flywheel
rotary UPS 106 that 1s dependent upon the main power
signal 132. In some 1llustrative embodiments, UPS power
signal 126 may be a sensor signal, as explained 1n further
detail below. In an 1illustrative embodiment, the solenoid
valve 104 may be coupled to one or more sensors (see FIG.
5), where, upon receiving a sensor signal, opens. Once
solenoid valve 104 opens, the pressure from piston 101
causes fluid 1n vessel 102 to flow through valve 104 and
pressure regulator valve 105 and into flywheel rotary UPS
106.

In one embodiment, UPS 106 operates under flywheel
energy storage principles by accelerating a rotor, such as
flywheel 108 to a very high speed and maintaining the
energy in the system as rotational energy. When energy 1s
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extracted from the system, the flywheel’s rotational speed
may be reduced as a consequence of the principle of
conservation of energy; adding energy to the system corre-
spondingly results 1n an increase in the speed of the fly-
wheel. When power 1s being received from main power 132,
the flywheel assembly rotates using the power provided by
main power 132 via an AC motor or other suitable configu-
ration. Once main power 132 1s cut ofl, a transfer switch may
be activated to cause the flywheel of flywheel assembly 108
to provide power via an AC generator. In an illustrative
embodiment, the hydraulic dnive adapter 107 may be
engaged with the flywheel concurrently with the power
outage via a suitable linkage, wherein incoming fluid would
provide additional rotational energy. In another illustrative
embodiment, the flywheel rotary UPS 106 may delay
engagement of the hydraulic drive adapter 107 for a prede-
termined period of time (e.g., 5-15 seconds) to allow the
already-stored energy to be released (124) to the load 130
before switching to hydraulic power. In another illustrative
embodiment, one or more sensors (see FIG. 5) may sense the
rotational energy of the flywheel and/or the power output of
flywheel rotary UPS 106. The hydraulic drive adapter 107
may then be engaged when the rotational energy and/or
power output 1s sensed to be below an acceptable minimum.

In a simplified embodiment, UPS 106 may comprise a
rotor suspended by bearings inside a vacuum chamber to
reduce friction, connected to a combination electric motor
and electric generator. The flywheel may be a large steel
flywheel rotating on mechanical bearings. In one embodi-
ment, the flywheel may comprise carbon-fiber composite
rotors that have a higher tensile strength than steel and are
an order of magnitude less heavy. Magnetic bearings may be
used instead of mechanical bearings, to reduce iriction. In
one embodiment, high-temperature superconductor (HTSC)
bearings or hybrid bearings may be used, where permanent
magnets support a load and high-temperature superconduc-
tors are used to stabilize 1t. Superconductors may be advan-
tageous 1n stabilizing a load because they may operate as
diamagnets. If the rotor tries to drift ofl center, a restoring
force due to tlux pinning (magnetic stifiness of the bearing)
restores 1t. Since flux pinning 1s a factor for providing the
stabilizing and lifting force, the HTSC can be made much
more easily for flywheel energy storage than for other uses.
HTSC powders can be formed 1into arbitrary shapes so long
as flux pining 1s strong.

Compared with other techniques for storing electricity,
flywheel energy storage systems have long lifetimes (lasting
decades with little or no maintenance. Full-cycle lifetimes
for flywheels may range from in excess of 10°, up to 107,
cycles of use), and provide high energy density (100-130
W-h/kg, or 360-500 kl/kg), and large maximum power
output. The energy efliciency (ratio of energy out per energy
in) of flywheels can be as high as 90%. Typical capacities
may range from 3 kWh to 133 kWh.

The energy density of flywheel 108 may vary, depending
on the rotor geometry used and the properties of material
being used. For single-material, 1sotropic rotors, this rela-
tionship may be expressed as

where E 1s the kinetic energy of the rotor (J), m 1s the rotor’s
mass (kg), K 1s the rotor’s geometric shape factor, o 1s the
tensile strength of the rotor maternial (Pa) and p 1s the
material’s density (kg/m>).
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Continuing with the example of FIG. 1, hydraulic fluid
entering UPS 106 at a predetermined pressure specified by
regulator valve 105 causes hydraulic drive adapter 107 to
operate flywheel 108 for generating power (OUT) to the
load 130. In one embodiment, hydraulic fluid exiting UPS
106 1s fed back to fluid reservoir 109, which regenerates the
fluad for future use 1 vessel 102 via hydraulic pump 110.
Thus, under normal operating conditions in one embodi-
ment, flywheel 108 of the UPS 1s set to rotate at a high speed.
Upon power failure, flywheel 108 continues to rotate to
provide electrical power. When solenoid valve 104 opens,
pressurized fluid tlows, and continues to flow under pressure
provided by piston 101. Hydraulic drive adapter 107 rotates
as a result of the pressurized fluid and the flywheel continues
to rotate until the fluid 1s completely discharged and piston
101 reaches the bottom of the vessel 102.

The embodiment of FIG. 1 (as well as other embodiments
disclosed herein) provides a simple and elegant solution that
1s also environmentally friendly for providing uninterrupt-
able power to a system using hydraulic technology. As
pressure for the hydraulic fluid 1s being provided by the
weilght of piston 101 1n one embodiment, the fluid may be
casily regulated and mput into UPS 106 for the creation of
energy. Thus no expensive and/or complicated genset
arrangements ol secondary power origination are required.
Of course, the piston arrangement in the present disclosure
may be combined with such systems as required. Further-
more, pressure from piston 101 may be complimented
and/or substituted by air pressure 11 necessary (see FIG. 4).
In this embodiment, a bladder may be provided within vessel
102 and pressurized to achieve the required fluid pressure.
Used alone, the inflated bladder would provide the pressure
within vessel 102 to discharge the hydraulic fluid. Used in
combination with piston 101, the bladder would provide
additional pressure that that already being provided by the
weight of piston 101. Such an embodiment may be advan-
tageous when variable pressure may be required; the bladder
would provide an eflicient means for adding necessary
pressure to the existing piston 1n the arrangement.

Turning to FIG. 2, another exemplary embodiment 1s
provided, which 1s similar to the embodiment of FIG. 1,
except that the piton 101 and vessel 102 configuration 1s
used to provide flmid to a plurality of UPS systems (106,
114), where each of the UPS systems may provide separate
backup power (OUT) to a load or separate system, or
alternately combined (shown by connecting dotted line
between OUT signals in FIG. 2). Such a configuration may
be advantageous in applications where (a) multiple, smaller
UPS systems may be used 1n lieu of a more expensive,
singular UPS, and/or (b) providing targeted UPS capabilities
to multiple locations within a large installation.

The exemplary system 200 of FIG. 2 comprises a piston
101 that 1s contained and preferably sealed within vessel/
accumulator 102 (hereatter “vessel”). Similar to the embodi-
ment of FIG. 1, piston 101 may be manufactured from a
dense and/or heavy material such as a metal or alloy (e.g.,
steel, tungsten, brass, etc.) or plastic, rubber, or any suitable
combinations thereof. Piston 101 may be coated or encased
in a protective material to prevent corrosion and the like.
Vessel 102 1s filled with a fluid such as hydraulic flud which
may be o1l or water-based fluid which may be provided from
fluid reservoir 109, via hydraulic pump 110. Hydraulic pump
may be a hydrostatic or hydrodynamic pump, depending on
the application. When configured, hydraulic pump 110 pro-
vides positive displacement for piston 101 i which the
displacement 1s fixed, or may be configured as a variable
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displacement pump, which allows the displacement to be
adjusted. Flow from hydraulic pump 110 may be controlled
via check valve 111.

As vessel 102 1s filled with hydraulic flmd, the weight of
piston 101 provides a counter-pressure within vessel 102,
When vessel 102 1s completely filled, the piston 101/vessel
102 may be considered at a maximum pressure. A hydraulic
fluid supply line 103 1s preferably coupled to solenoid valves
104, 112 which may be configured to be naturally in a
“closed” state. In one embodiment, solenoid valves 104, 112
are respectively coupled to a power system configured to
provide a signal (PWR) indicating that power has failed, and
that back-up power from system 200 is required. In one
embodiment, solenoid valves 104, 112 may be held 1n a
closed position via a continuous PWR signal, indicating that
power 1n a primary system 1s operating normally. Once
power 1n the main system turns off, the PWR signal 1s no
longer being received, causing solenoid valves 104, 112 to
open. As a result, the pressure from piston 101 causes fluid
in vessel 102 to flow simultaneously through valves 104, 112
and pressure regulator valves 105, 113 and respectively into
flywheel rotary UPS 106, 112. The engagement of the
hydraulic drive adapters 107, 115 may be configured simi-
larly to that described above 1in connection with FIG. 1.

Similar to the embodiment of FIG. 1, UPS 106 and 114
may operate under flywheel energy storage principles by
accelerating a rotor, such as respective flywheels 108, 116
via hydraulic drive adapters 107, 115 to a very high speed
and maintaining the energy in the system as rotational
energy. When energy 1s extracted from the system (OUT),
the flywheel’s rotational speed may be reduced as a conse-
quence of the principle of conservation of energy; adding
energy to the system correspondingly results 1n an increase
in the speed of the flywheel.

In the embodiment of FIG. 2, solenoid valves 104, 112 are
controlled via the same PWR signal. It should be appreciated
by those skilled in the art that separate, independent PWR
signals may be provided to solenoid valves 104, 112, which
in turn would provide separate backup power (OUT) for
cach UPS 106, 114. In this example, care should be taken to
configure system 200 so that, for example, a prolonged use
of one UPS (e.g., 114) does not drain hydraulic flmd to a
point where the activation of another UPS (e.g., 106) does
not create a scenario where insuthcient fluid remains in
vessel 102 to power a newly-activated UPS. In one embodi-
ment, hydraulic pump may comprise one or more sensors
(150) indicating the amount of fluid being pumped, and may
further be 1n communication with one or more sensors (151)
in vessel 102 which may monitor the amount of remaining
fluid. In the event that an mnsuflicient fluid supply condition
1s sensed, hydraulic pump 110 may be configured to increase
pumping capacity from reservoir 109 to provide suflicient
fluid to vessel 102.

Turmning to FIG. 3, another exemplary embodiment 1s
provided, where multiple vessels (102, 121) and respective
pistons (101, 120) are used to drive a UPS 106. Such a
configuration may be advantageous for provided extended
hydraulic backup capabilities to UPS 106. As similarly
described above 1n connection with FIGS. 1-2, UPS power
system 300 comprises pistons 101, 120 that are contained
and preferably sealed within respective vessel/accumulators
102, 120. In one embodiment, pistons 101, 120 are manu-
factured from a dense and/or heavy material such as a metal
or alloy (e.g., steel, tungsten, brass, etc.) or plastic, rubber,
or any suitable combinations thereof. Pistons 101, 120 may
be coated or encased 1n a protective material to prevent

corrosion and the like. Vessels 102, 121 are filled with a fluid
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such as hydraulic fluid which may be o1l or water-based tluid
which may be provided from fluid reservoir 109, via hydrau-
lic pump 110. Hydraulic pump 110 may be a hydrostatic or
hydrodynamic pump, depending on the application. When
configured, hydraulic pump 110 provides positive displace-
ment for pistons 101, 120 in which the displacement 1s fixed,
or may be configured as a variable displacement pump,
which allows the displacement to be adjusted. Flow from
hydraulic pump 110 may be controlled via check valve 111.

As vessels 102, 121 are filled with hydraulic fluid, the
weight of pistons 101, 120 provide a counter-pressure within
vessels 102, 121. When vessels 102, 121 are completely
filled, the respective piston weight may provide a maximum
pressure. A hydraulic fluid supply line 103 1s preferably
coupled to both vessels 102, 121 and a solenoid valve 104
which should be configured to be naturally in a “closed”
state. In one embodiment, solenoid valve 104 1s operatively
coupled to a power system configured to provide a signal
(PWR) indicating that power has failed, and that back-up
power from system 100 i1s required. In one embodiment,
solenoid valve 104 may be held in a closed position via a
continuous PWR signal, indicating that power in a primary
system 15 operating normally. Once power in the main
system turns ofl, the solenoid valve 104 opens. As a result,
the pressure from pistons 101, 120 cause fluid in vessels 102,
121 to flow through valve 104 and pressure regulator valve
105 and into flywheel rotary UPS 106.

In one embodiment, vessels 102, 121 may operate to
provide hydraulic fluid simultaneously. In another embodi-
ment, vessels may be designated as “primary” (e.g., 102)
and “secondary” (e.g., 121) vessels, and wherein the sec-
ondary vessel 1s equipped with its own solenoid (not shown).
Each vessel may be equipped with sensors, similar to the
embodiment of FIG. 2, where the level of fluid 1s sensed and
monitored. Here, only the primary vessel (102) discharges
hydraulic fluid upon activation of solenoid valve 104. As
hydraulic fluid 1s drained, there may come a point where
hydraulic pump 110 1s not providing suflicient fluid back to
vessel 102 to maintain UPS capabilities. It the sensed level
of hydraulic fluid drops below a predetermined threshold,
the sensor for the primary vessel activates a solenoid valve
tor the secondary vessel to provide a hydraulic fluid “assist™

along a common fluid supply line 103. With the addition of

fluid being provided by the secondary vessel 121, the
primary vessel 102 does not have to expend as much fluid,
which 1n turn may allow hydraulic pump 110 to “catch up”
with any deficient fluids. If the fluid levels 1n the primary
vessel 102 are raised back to an acceptable threshold, the
sensor for the primary vessel 102 may close the solenoid for
the secondary vessel. It should be understood by those
skilled 1n the art that further vessels may be added, depend-
ing on the application, to create a daisy-chained configura-
tion of vessels for extended UPS operation. Of course, the
multiple vessel configuration of FIG. 3 may be combined
with the multiple UPS configuration of FIG. 2 to provide
still further operational UPS capabilities.

Continuing with the embodiment of FIG. 3, UPS 106
operates under flywheel energy storage principles by accel-
crating a rotor, such as flywheel 108 via hydraulic drive
adapter 107 to a very high speed and maintaining the energy
in the system as rotational energy. When energy 1s extracted
from the system, the flywheel’s rotational speed may be

reduced as a consequence of the principle of conservation of

energy; adding energy to the system correspondingly results
in an 1ncrease 1n the speed of the flywheel.

In a simplified embodiment, UPS 106 may comprise a
rotor suspended by bearings inside a vacuum chamber to
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reduce friction, connected to a combination electric motor
and electric generator. The flywheel may be a large steel
flywheel rotating on mechanical bearings. In one embodi-
ment, the flywheel may comprise carbon-fiber composite
rotors that have a higher tensile strength than steel and are
an order of magnitude less heavy. Magnetic bearings may be
used instead of mechanical bearings, to reduce iriction. In
one embodiment, high-temperature superconductor (HTSC)
bearings or hybrid bearings may be used, where permanent
magnets support a load and high-temperature superconduc-
tors are used to stabilize it.

Hydraulic fluid entering UPS 106 at a predetermined
pressure specified by regulator valve 105 causes hydraulic
drive adapter 107 to operate flywheel 108 for generating
power (OUT) back to the main power system. In one
embodiment, hydraulic fluid exiting UPS 106 1s fed back to
fluid reservoir 109, which regenerates the fluid for future use
in vessel 102 via hydraulic pump 110.

In the above configurations, the tflywheel UPS may be
configured to continuously rotate by getting power from the
orid. Accordingly, the output power 1s advantageously pro-
tected from power distortions from the grid. In an alternate
embodiment, power may be provided to the flywheel UPS
and to the pump. In such a configuration, the power to the
UPS 1s continuous, and the power to the pump i1s only
needed after power 1s restored, where the pump 1s utilized to
refill and re-pressurize the vessel. As the pump 1s continu-
ously running, this would cause the flywheel to rotate, which
in turn may vitiate the need for a power supply to the
flywheel UPS. Such a configuration would be advantageous
in reducing installation costs. In some 1llustrative embodi-
ments, hydraulic pump 110 may be provided with a separate
independent power supply, such as a battery.

Turning to FIG. 4, an embodiment of a UPS system 400
1s shown, where the configuration of system 100 1s supple-
mented with the use of air bladders 416 within the vessel
102. As many of the components of system 400 are 1dentical
to those discussed above in connection with FIG. 1, their
description will not be repeated for the purposes of brevity.
In this example, an iternal portion of the vessel 102 1is
equipped with an air (or any other suitable gas) bladder 416
that 1s coupled to a pressure controller 415. The pressure
controller 415 may be equipped with one or more pumps and
communications to receive control signals. Upon receiving
an appropriate control signal, pressure controller 415 may
add or remove pressure from bladder 416, which, 1n turn,
adds or removes pressure to the flud 1n the vessel 102 via
the piston 101.

Pressure regulator valve 405 of system 400 may be
configured with a sensor 420 that senses the pressure and/or
volume of tluid passing through pressure regulator valve 403
to determine 1f a suflicient amount of fluid and/or pressure
1s present to provide adequate rotational energy to the
flywheel via the hydraulic drive adapter 107. If the sensor
420 determines that an insuflicient amount of pressure
and/or fluid 1s present, the sensor 420 may transmit a control
signal to the pressure controller 415 to 1increase or decrease
the pressure 1n vessel 102 by inflating/deflating the bladder
416. Such a configuration may be advantageous in cases
where a lighter piston 101 1s used, which may save manu-
facturing and/or installation costs. It should be understood
by those skilled in the art that the placement of the sensor
420 may vary. In some 1llustrative embodiments, the sensor
420 may be placed directly in line with fluid supply line 430.
In a preferred embodiment, the sensor 420 and pressure
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controller 415 may be provided with their own independent
power sources, such as a battery or other suitable power
source.

Turning to FIG. 5, a block diagram of the flywheel rotary
UPS 106 1s shown under an 1llustrative embodiment. In this
example, the flywheel rotary UPS 106 may include a main
power mput 132 that receives mains power for normal
operation. Main power mput 132 may be coupled to a
transier switch 504, which connects power to AC motor 506,
which operates to cause tflywheel 508 to rotate and build
kinetic energy. The flywheel rotary USP 106 may also be
equipped with a bypass switch 514 1n some illustrative
embodiments. When power from the main power 132 1s cut
ofl, transier switch 504 may disconnect from the main power
132, and the kinetic energy from the flywheel 508 may be
used by AC generator 510 to provide power to the load 130.
It should be understood by those skilled 1n the art that, while
an AC configuration 1s shown 1n FIG. §, other configura-
tions, such as DC motor configurations, are contemplated in
the present disclosure.

In an illustrative embodiment, when transfer switch 504 1s
turned ofl, the solenoid valve 104 may open as described
above to allow fluid from vessel 102 to flow to hydraulic
drive adapter 107. In this example, linking gear mechanisms
may be provided to allow flywheel 508 to disengage from
the AC motor 506 and engage with hydraulic drive adapter
107 to extend the run time of the assembly 106 for as long
as pressurized fluid from vessel 102 1s provided to the
hydraulic drive adapter 107. In some illustrative embodi-
ments, sensor 518 may be configured to sense the produced
energy and/or rotation from flywheel 508, where, 11 the
produced energy and/or rotation of flywheel 508 falls below
a predetermined threshold, the sensor 518 may send a
control signal to solenoid valve 104 to open. In this con-
figuration, the solenoid valve 104 may be configured to
remain closed upon the 1nitial loss of power from 132, which
allows the flywheel 508 to continue producing energy from
the already-produced kinetic buildup. This way, the run time
of the flywheel rotary UPS may be extended even further.

In the foregoing Detailed Description, it can be seen that
various features are grouped together 1n a single embodi-
ment for the purpose of streamlining the disclosure. This
method of disclosure 1s not to be mterpreted as reflecting an
intention that the claimed embodiments require more fea-
tures than are expressly recited 1n each claim. Rather, as the
following claims reflect, inventive subject matter lies in less
than all features of a single disclosed embodiment. Thus the
tollowing claims are hereby incorporated into the Detailed
Description, with each claim standing on 1ts own as a
separate embodiment.

What 1s claimed 1s:

1. An apparatus for providing extend runtime for a fly-
wheel rotary UPS, comprising:

a vessel, configured to receive and contain tluid;

a piston having a predetermined weight, configured
within the vessel to have the weight of the piston
independently and vertically displaced by the fluid and
provide pressure from the displacement;

a fluid discharge line, operatively coupled to an output of
the vessel;

a valve, operatively coupled to the fluid discharge line;

a fluid supply line operatively coupled to the valve;

a flywheel rotary UPS comprising:

a motor configured to rotate a flywheel for producing
energy via electrical power, when electrical power 1s
applied to a main power mput of the flywheel rotary
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10

15

20

25

30

35

40

45

50

55

60

65

12

a hydraulic drive adapter operatively coupled to the
flywheel and to the fluid supply line; and a sensor for
sensing one or more thresholds of at least one of
rotational characteristics of the flywheel and/or
energy produced by the flywheel, wherein the sensor
1s configured to delay the opening of the valve until
one ol the thresholds are sensed to be below a
predetermined minimum amount

wherein the flywheel 1s configured to engage with the

hydraulic drive adapter and the valve 1s configured to
automatically open, when no electrical power 1is
received at the main power mput, to provide fluid
pressurized by the piston to the hydraulic drive adapter
and cause the flywheel rotary UPS to continue rotating
for an extended nde-through time period after no
clectrical power 1s recerved.

2. The apparatus of claim 1, further comprising a fluid
reservolr and a hydraulic pump, wherein the hydraulic pump
1s configured to pump fluid from the fluid reservoir to the
vessel.

3. The apparatus of claim 2, wherein the fluid reservoir 1s
operatively coupled to the hydraulic drnive adapter and
configured to receive fluid discharged from the hydraulic
drive adapter.

4. The apparatus of claim 3, further comprising a check
valve operatively coupled between a hydraulic pump and the
vessel via a second fluid supply line, wherein the check
valve 1s configured to directionally control flow of fluid to
the vessel.

5. The apparatus of claim 1, wherein the valve comprises
a solenoid valve.

6. The apparatus of claim 35, further comprising a pressure
regulator valve, operatively coupled to the solenoid valve,
wherein the pressure regulator valve 1s configured to regu-
late pressure provided by the piston 1n the fluid supply line.

7. A method for providing extend runtime for a flywheel
rotary UPS, comprising:

recerving and containing fluid 1 a vessel comprising a

piston having a predetermined weight, positioned
within the vessel, wherein the weight of the piston
provides a pressure for the fluid 1n the vessel via an
independent vertical displacement of the weight of the
piston by the fluid, and wherein the vessel 1s opera-
tively coupled to a fluid supply line;

operatively rotating, via electrical power, a flywheel of the

flywheel rotary UPS via a motor when electrical power

1s applied to a main power 1mput of the flywheel rotary

UPS;

engaging the flywheel to a hydraulic drive adapter and

automatically opening a valve when no electrical power

1s recerved at the main power mput to provide tluid
pressurized by the piston to the hydraulic drive adapter
and cause the flywheel rotary UPS to continue rotating,
for an extended nde-through time period after no
clectrical power 1s received; and sensing, via a sensor,
one or more thresholds of at least one of rotational
characteristics of the flywheel and/or energy produced
by the flywheel, and delaying the opening of the valve

until one of the thresholds are sensed to be below a

predetermined minimum amount.

8. The method of claim 7, wherein receiving fluid 1n the
vessel comprises pumping fluid from a fluid reservoir, via a
hydraulic pump, to the vessel.

9. The method of claim 8, further comprising receiving,
fluid discharged from the hydraulic drive adapter 1n the fluid
reservotr.
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10. The method of claim 7, further comprising direction-
ally controlling tlow of the fluid to the vessel via a check
valve operatively coupled between the hydraulic pump and
the vessel.

11. The method of claim 7, wherein automatically open-
ing the valve comprises activating a solenoid valve.

12. The method of claim 7, further comprising regulating
pressure provided by the piston 1n the flmd supply line via
a pressure regulator valve, operatively coupled to the valve,
comprising a solenoid valve.

13. An apparatus for providing extend runtime for a
flywheel rotary UPS, comprising:

a vessel, configured to receive and contain tluid;

a piston having a predetermined weight, configured
within the vessel to have the weight of the piston
independently and vertically displaced by the fluid and
provide pressure from the displacement;

a fluid discharge line, operatively coupled to an output of
the vessel;

a valve, operatively coupled to the fluid discharge line;

a fluid supply line operatively coupled to the valve;

a flywheel rotary UPS comprising:

a motor configured to rotate a flywheel for producing
energy via electrical power, when electrical power 1s
applied to a main power mput of the flywheel rotary
UPS,

a sensor for sensing one or more thresholds of at least
one of rotational characteristics of the flywheel and/
or energy produced by the flywheel, and

a hydraulic drive adapter operatively coupled to the
flywheel and to the flmd supply line;

wherein the flywheel 1s configured to engage with the
hydraulic drive adapter and the valve 1s configured to
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automatically open, when no electrical power 1s
received at the main power mnput, and upon receiving a

control signal from the sensor, to provide fluid pres-
surized by the piston to the hydraulic drive adapter and
cause the tlywheel rotary UPS to continue rotating for
an extended ride-through time period after no electrical
power 1s recetrved and wherein the sensor 1s configured
to delay the opening of the valve until one of the
thresholds are sensed to be below a predetermined
minimum.

14. The apparatus of claim 13, further comprising a fluid
reservoir and a hydraulic pump, wherein the hydraulic pump
1s configured to pump fluid from the fluid reservoir to the
vessel.

15. The apparatus of claim 14, wherein the fluid reservoir
1s operatively coupled to the hydraulic drive adapter and
configured to receive fluid discharged from the hydraulic
drive adapter.

16. The apparatus of claim 15, further comprising a check
valve operatively coupled between a hydraulic pump and the
vessel via a second fluid supply line, wherein the check
valve 1s configured to directionally control flow of fluid to
the vessel.

17. The apparatus of claim 13, wherein the valve com-
prises a solenoid valve.

18. The apparatus of claam 17, further comprising a
pressure regulator valve, operatively coupled to the solenoid
valve, wherein the pressure regulator valve 1s configured to
regulate pressure provided by the piston 1n the fluid supply
line.
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